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FOREWORD 


(U) The work reported herein was performed at the request of the 
Air Force Aero-Propulsion Laboratory (AFAPL) (AFPTP), Air Force 
Systems Command (AFSC), under System 468A, for the General Electric 
Company under Contract AF33(657)-16142. 


(U) The results of this test were obtained by ARO, Inc. (a sub- 
sidiary of Sverdrup & Parcel and Associates, Inc.), contract operator 
of the Arnold Engineering Development Center (AEDC), AFSC, Arnold 
Air Force Station, Tennessee, under Contract F40600-69-C-0001. The 
tests were conducted in Propulsion Engine Test Cell (T-4) of the Rocket 
Test Facility (RTF) from May 16 to 29, 1968, under ARO Project 
No. RD0O820, and the manuscript was submitted for publication on 
Octaber 4, 1968. 


(U) This report contains classified information extracted from the 
Model Specification No. E-2054 for YJ97-1 and YJ97-3 engines, dated 
August 1, 1966, an: its revisions dated February 1967 and January 
1968, Confidential, Group 1, and from AEDC-TR-68-167, dated 
October 1968, Confidential, Group 1. 


(U) This technical report has been reviewed and is approved. 


Donald W. Ellison Roy R. Croy, Jr. 
Lt Colonel, USAF Colonel, USAF 
AF Representative, RTF Director of Test 


Directorate of Test 
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CONFIDENTIAL ABSTRACT 


(C) A turbine endurance test was conducted on a YJ97-GE-3 engine 
as a penalty run after a turbine failure during an official Qualification 
Test. The turbine completed the endurance test without failure. The 
performance of the endurance test engine is compared with the perform- 
ance of the initial Qualification Test engine that encountered the turbine 
failure. In addition, the effects on engine rerformance of shaft power 
extraction, tailpipe thermal insulation, anc exhaust gas swirl are pre- 
sented along with the exhaust nozzle isentropic gross thrust coefficient. 


In addition to security requirements which must be 
met, this document is subject to special export con- 
trols and each transmittal to foreign governments or 
foreign nationals may be made only with prior approval 


of Air Force Aero-Propulsion Laboratory (APTP). 
Wright-Patterson AF Base. Ohio 45433. 
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NOMENCLATURE* 


Area, in.2 or ft2 

Primary exhaust nozzle effective throat area, in.2 
Altitude, ft 

Discharge coefficient 

Convergent-divergent equivalent thrust coefficient 
Velocity coefficient 

Specific heat at constant pressure, Btu/lby,-°R 
Specific heat at constant volume, Btu/lby,-°R 
Off-standard temperature, +°F 

Main burner efficiency, percent 

Compressor efficiency, percent 

Fuel-air ratio, lb -fuel/lby-air 


Ram drag, lbr 


*The symbols in this nomenclature were made to agree 


with the nomenclature in the Engine Specification (E-2054, Ref. 6) as 
far as possible. Where there was no guide in Ref. 6, terms were used 
that are consistent with current program usage. 
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Calculated net thrust, momentum balance, lbr 
Measured net thrust, scale force, lb¢ 
Dimensional constant, 32,174 lb - ft /lbp-sec2 
Enthalpy, Btu/lbyy 

Horsepower extracted, hp 

Lower heating value of fuel, Btu/lbym, 


Mechanical equivalent of heat, 778.3 ft-lbr/Btu 


sea Se i a 


Length, ft 
Mach number 
Mechaniciul sotor speed, rpm 


Total pressure, psia 


i a 


Percent rotor speed 

Percent corrected rotor speed 
Relative pressure ratio 

Static pressure, psia 4 
Heat rate, Btu/hr 

Gas constant for air, 53. 34 ft-lb¢/1b,,-°R 


Ram recovery factor 
Thermocouple recovery factor 


Reynolds number 


Reynolds number index 


- lb,,~fuel/hr 
Specific fuel consumption, ibe-net thrust 


Total temperature, °F or °R 
Static temperature, °F or °R 
Velocity, ft/sec 

Weight flow, lby,/sec or lby,/hr 
Fuel flow, lby,/hr 

Swirl angle, deg 


Ratio of specific heats, cp/cy 


FURS ee 


Sane 
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6 Relative pressure, (P2/14. 696) 

é Emissivity ratio 

Ce) Relative temperature, (T2/518. 67) 
He Viscosity, lb,,/ft-sec 

p Density, lby,/ft3 


SUFFIXES 

ADJ Adjusted to desired test conditions 

Cc Cooling 

D Adjusted to calculated altitude and Mach number conditions 
H Corrected for thermal growth 

I Isentropic 

O Ambient conditions at desired test altitude 
SP At specification condition 

xX Calculated 

* Corrected to sea-level static conditions 
SUBSCRIPTS 

eng Engine 

i Indicated 

o, cell Test cell conditions 

xX Calculated 

STATIONS 

00 Airflow measuring venturi inlet 

1N Airflow measuring venturi throat 

1D Venturi discharge 

LS Labyrinth seal cavity 

1 Primary air supply duct 
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2 Compressor inlet 

uy Test cell plenum 

s Compressor discharge 

3] Burner inlet 

39 Burner discharge 

| Turbine inlet after WC3 is added to the stream 

5 Turbine discharge before WC4 is added to the stream 
D1 Turbine discharge after WC4 is added to the stream 
52 Tailpipe inlet 

7 Tailpipe exit 

8 Primary nozzle throat 
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Secondary nozzle exit 
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SECTION | 
INTRODUCTION 


(C) ‘The J97-Git-3 power plant is a single-spool, nonafterburning, 
turbojet engine designed for optimum performance at very high alti- 
tudes. live altitude development tests of this engine have been com 
ducted previously at ARDC (Refs. 1} through 5). The manufacturer's 
identification for this cngine was Glid before it was designated J7, 


(CC) ‘Phe purpose of the test program was to conduct the cnpgine 
performance portion of an official engine Qualificution Test, with 
J97-GE-3 engine S/N 447007, at all of the guarantee flight conditions 
listed in Table Il of the Engine Specification (Ref, 6). Because of a 
second-stage turbine disk failure on this engine durinp testing at 
N 4+ 5000 ft, the low altitude portion of the test progrum wus not com- 
pleted. 


(C) The turbine failure on engine S/N 447007 made it necessary 
to conduct a penalty endurance test on a second engine to verify the 
endurance guarantees for the turbine rotor. The endurance test was 
successfully conducted on J97-GE-3 engine S/N E447052. This report 
presents the results of the turbine endurance test, conducted on 
JY¥7-GE-3 engine S/N E447052, and a comparison of the performance 
of engines S/N E447007 and £447052. In addition, the effects of shaft 
power extraction and tailpipe thermal insulation on the performance of 
engine S/N £447007 and of exhaust gas swirl are presented. Some in- 
formation on exhaust nozzle total pressure and nozzle thrust coefficient 
is included. 


(C) The results of the official performance data from the test of 
J97-GE-3 engine S/N 447007 were incorporated in a separate report 
(PartlI, Ref. 7). The analysis of the turbine failure on J97-GE-3 
engine S/N E447007 is presented in Ref. 8. Data from both engine 
S/N £447007 and engine S/N E447052 are utilized in Section IV of this 
report (Part II); however, all of the other sections apply only to engine 
S/N £447052 unless otherwise stated. The Apparatus, Procedure, and 
Methods of Calculations for engine S/N E447007 are included in Ref. 7. 


SECTION Il 
APPARATUS 


2.1 TEST ARTICLE 


(C) The YJ97-GI-3 engine (Fig. 1, Appendix I) used for this in- 
vestigation is an axial-flow, nonafterburning, single-rotor turbojet 
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incorporating variable compressor stators, a two-stage turbine, a tail- 
pipe with a 7-deg canted aft section, and a fixed-area converging nozzle. 
The engine normally utilizes a secondary air ejector nozzle designed to 
increase engine thrust. However, the secondary nozzle was not in- 
stalled for the endurance test. The engine has a thrust-to-weight ratio 
of 6:1 at a maximum thrust rating of 4400 lb¢ at sea-level static condi- 
tions. The dry weight of the engine (including tailpipe and secondary 
nozzle) is 739 lb, overall cold length is 109.5 in., and inlet diameter 

is 20.1 in. 


(C) The compressor is a 14-stage unit with a pressure ratio of 
13.5:1 and an airflow of 70.4 lb/sec at 13,650 rpm at sea-level static 
operation. The inlet guide vanes and first five stator stages are in- 
tegrally variable and scheduled as a function of compressor rotor speed 
and compressor inlet temperature. The forward frame assembly in- 
cludes the inlet guide vanes, forward bearing and support struts, anda 
drive for the engine gearbox. The compressor rear frame assembly 
includes the compressor outlet guide vanes, outer combustor casing, 
turbine frame, and the number 2 and 3 oil sumps. 


(C) A two-stage, air-cooled turbine drives the compressor. Cool- 
ing air is bled from the compressor discharge and admitted to the 
turbine section through ducts and orifices in the turbine first-stage 
stator 2nd rotor blades. 


(C) An annular combustor is attached at the forward end of the 
compressor rear frame by bolts through the rear frame. Eighteen fuel 
nozzles are flange mounted to the compressor rear frame and extend 
into the combustor inlet centered in the combustor inlet swirl cups. The 
fuel nozzles contain high- and low-flow spin chambers with an integral 
scheduling valve which proportions the flow to each spin chamber. 


(C) The ignition system consists of a power source, leads, and 
two igniter plugs. The system is a noncontinuous capacitor discharge 
type with a rating of 4 (min) to 10 (max) joules. The minimum spark 
rate is 2 sparks/sec/plug at an input voltage of 115 volts at 400 Hz. 


(C) The primary exhaust section for the engine S/N E447052 test 
(Fig. 2) was comprised of a canted tailpipe and a 139-in.2 fixed-area 
conical exhaust nozzle. The tailpipe and centerbody at the turbine dis- 
charge form an annular diffuser which terminates 17.2 in. from the 
diffuser inlet in a full cylindrical cross section. Eleven, long-chord, 
antiswirl, airfoil-shaped struts are located in the diffuser. The cylin- 
drical section is canted 7 deg beginning at a point 35 in. from the tail- 
pipe inlet. 
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(U) The main fuel pump is mounted on and driven by the engine 
gearbox and in turn drives the main fuel control (MIFC) which is tandem 
mounted on the pump. ‘The main fuel pump is a two-element unit con- 
taining a centrifugal boost element and a single-stupe, vane-type, high- 
pressure element, 


(U) The fuel control is an isochronous-type hydromechanical unit 
Which limits acceleration, steady-state, and deceleration fuel flows; 
limits speed as a function of compressor inlet temperature; limits com- 
pressor discharge static pressure and maximum exhaust pas tempera- 
ture; and controls stator vane position by regulated fuel servopressure 
to the fuel-operated, stator vane hydraulic actuators. 


(U) The main lube pump is a positive displacement type with engine, 
customer, and scavenge units. The lube system incorporates an 
auxiliary water-oil cooler in series with the engine-mounted fuel-oil 
cooler to maintain the lube oil temperature below the 300°F specification 
operating limit. 


(U) A thermal insulating blanket (shredded asbestos sandwiched 
between two stainless steel sheets) was installed on this engine 
(S/N E447052) and engine S/N E447007. The blanket extended from the 
rear frame aft flange on both engines to the upstream end of the second- 
ary air plenum chamber on engine S/N E447007 and to the exhaust noz- 
zle mounting flange on engine S/N E447052. The turbine rotor assembly 
configuration for this engine (S/N E447052) was identical to the turbine 
rotor assembly for engine S/N E447007. 


(U) The horsepower extraction unit and number 3 011 sump insula- 
tion blanket, used during previous testing of engine S/N E447007 (Ref. 7), 
were not installed. A flight-type generator was mounted on the transfer 
gearbox but was not loaded to extract power. 


2.2 INSTALLATION 


(U) The engine assembly was mounted on a thrust stand, which in 
turn was flexure mounted on a model support cart and installed in Pro- 
pulsion Engine Test Cell (T-4) (Fig. 3). A detailed description of the 
T-4 test cell is presented in Ref. 9. The engine inlet duct extended 
into a zero-leakage, labyrinth-type air seal mounted on the downstream 
bulkhead of the engine inlet plenum. The engine inlet plenum contained 
two flow-straightening grids with screen overlays and a bellmouth to 
ensure a smooth flow of air into the engine inlet. The primary airflow 
rate was measured using two critical-flow venturis located 27.5 ft up- 
stream of the engine inlet plenum. 
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(U) The lube oil tank is not engine equipment and is not engine 
mounted; therefore, a General Electric-supplied substitute tank was 
mounted on the thrust stand. The discharge from the customer port of 
the main lube oil pump was returned directly to the oil tank. 


2.3 INSTRUMENTATION 


(U) Aerodynamic pressure and temperature measurements were 
made at the stutions shown in Fig, 4. Diagrams showing the number 
and type of instrumentetion at each station are shown in Fig. 5. 


(U) Pressure and scale force were measured with strain-gage-type 
transducers, and temperatures were measured with iron-constantan (IC), 
copper constantan (CC), and Chromel®-Alumel® (CA) thermocouples. 
The millivolt outputs of the transducers were recorded on magnetic tape 
from high-speed, analog-to-digital converters and converted to engi- 
neering units and calculated performance parameters by a digital com- 
puter. Selected channels of pressure, temperature, and vibration 
(designated as safety parameters) were cisplayed in the control room 
and were photographically or manually recorded. A flight-type thermo- 
couple harness for measuring turbine discharge temperature (station 55, 
Fig. 5) was provided with the engine, and the output was registered on 
a null-balance potentiometer and recorded both manually and auto- 
matically. 


(U) Exhaust gas swirl angle measurements were made with a wedge- 
shaped traversing probe which utilized a pressure sensing null-balance 
system to determine swirl angle and a strain-gage-type pressure trans- 
ducer to measure stream total pressure. The probe actuator contained 
two electric motors which provided for probe rotation and radial trans - 
lation through the exhaust gas stream. Total pressure, swirl angle, 
and radial position were continuously recorded by a null-balance poten- 
tiometer system. 


(U) Fuel, lube oil, and hydraulic fluid flow rates were measured 
by turbine-type flowmeters. The output signal was recorded on mag- 
netic tape from frequency-to-analog converters and converted to flow 
in pounds per hour by a digital computer. Control room indication was 
displayed on digital electronic frequency converters from a frequency- 
to-shaped waveform converter. Water flow was measured with a 
dynamic weigh-time system utilizing a beam-balance weight-measuring 
device. 
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(U) The instrumentation ranges, recording methods, and posttest 
estimates of measurement uncertainty are presented in Table | 
(Appendix IL). 


2.4 CALIBRATION 


(U) All pressure measuring transducers were laboratory calibrated 
with an NBS secondary standard pressure generator prior to usage in 
this program. The thrust measuring system was calibrated in place by 
applying known force levels to the thrust stand. The calibration forces 
applied to the thrust stand were generated by a hydraulic loading system. 
Calibration force levels were determined from load cells installed in 


the loading system that had been calibrated against a secondary standard. 


The fuel flowmeters were calibrated in place with a mass weighing sys- 
tem. The fuel flowmeter calibrations were performed at temperatures 
and pressures comparable with run conditions. 


(U) After installation of the sensors in the test cell, the data ac- 
quisition systems were electrically calibrated. The thrust systems 
were electrically calibrated using known resistances in the circuits to 
simulate known pressure and force levels. The pressure systems were 
pressure calibrated in place with a fused-quartz, Bourdon-tube-sensor, 
precision pressure gage, incorporating optical measurement of deflec- 
tion and digital presentation. The thermocouple output recording sys- 
tems were spanned to cover the thermocouple output voltage range, and 
the NBS temperature-millivolt calibration for each type of thermocouple 
was used for data reduction. The flowmeter data acquisition system was 
calibrated using selected inputs from an NBS secondary standard fre- 
quency generator to simulate flowmeter outputs. Calibration of the data 
acquisition systems was conducted at sea-level ambient conditions prior 
to each run. 


SECTION III 
PROCEDURE 


3.1 SIMULATED FLIGHT CONDITIONS 


(U) Conditioned air was supplied to the compressor inlet at the 
total pressure and temperature required to simulate the desired flight 
condition. Test cell pressure was set at the level corresponding to the 
desired altitude based on the geopotential measure (H) of the U. S. 
Standard Atmosphere (Ref. 10). One-dimensional, isentropic, 


5 


CONFIDENTIAL 


This page is Unclassified 


saan Bl ta 5 
ene ay 


CONFIDENTIAL 


AEDC-TR-68-244 


compressible flow functions were used to determine the compressor in- 
Let pressure and temperature for a desired Mach number. An engine 
inlet pressure ram recovery factor of 0.99 was used for all flight con- 
ditions. 


(C) For the endurance trun, the compressor inlet total tempera- 
ture was increased Y9°l (from -4 to 45°l") at the full-open power lever 
position (resulting PCN/RT = 106.1) at N 4 5000 ft, Mach number 0. 85, 
to obtain the maximum rated turbine inlet temperature of 2710 + 20°R, 
This increase in ‘T2 was necessary to obtain the rated turbine inlet tem- 
perature at these flight conditions because the power extraction unit was 
not installed on engine 5/N 1447052 as it was on engine S/N F447007. 
The engine was operated in this manner at these conditions for 4 hr to 
complete the endurance test requirements. 


(C) Engine steady-state performance was determined over a range 
of Mach numbers from 0.60 to 0.85 and altitudes from N - 35, 000 to 
N + 5000 ft. 


3.2 FUEL AND Olu 


(U) Fuel conforming to MIL-T-5624G, Grade JP-4, and oil con- 
forming to MIL-L-7808F were used during this investigation. 


3.3 DATA AND CALCULATIONS 


(U) The methods used in calculating the steady-state parameters 
are presented in Appendix III. The tabulated steady-state test data are 
presented in Appendix IV. 


SECTION IV 
RESULTS AND DISCUSSION 


(C) As a result of the turbine section failure (Refs. 7 and 8) experi- 
enced on J97 engine S/N E447007, it became necessary to utilize another 
engine to complete the performance portion of the J97 Qualification Test. 
The failure of the turbine in engine S/N E447007 was attributed to a 
deterioration of the number 3 oil sump insulation blanket which permitted 
particles from the blanket to restrict the turbine cooling a ‘low passages 
(Ref. 8). 
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(U) This report presents the results of the turbine endurance test 
conducted on YJ97T-Gk-3 enpine S/N [447052 and a comparison of the 
performance with engine S/N 447007, In addition, the effects of shaft 
power extraction, tailpipe thermal insulation, and exhaust pus swirl on 
the performance of engine S/N 447007 are presented. Some informa- 
tion on exhaust nozzle total pressure measurement and exhaust nozzle 
thrust coefficient is included, 


4.1 TURBINE ASSEMBLY ENDURANCE TEST (ENGINE S/N E447052) 


(C) The specified flight conditions for the endurance test were 
N + 5000-ft altitude at Mach number 0.85. Deviations in compressor 
inlet total temperature from standard day values for the above flight 
conditions were made to obtain the rated turbine inlet temperature with- 
out a shaft power extraction system. The specified operating range for 
turbine inlet total temperature (T4) was 2710 + 20°R. During testing on 
engine S/N E447007 (Ref. 7) with the power lever at the fill-open posi- 
tion and with approximately 15 hp extracted, calculated T4 was approxi- 
mately 2710°R at N + 5000-ft altitude and Mach number 0.85. Without 
power extraction on engine S/N E447052, the maximum level of T4 at 
the same flight conditions was approximately 2660°R. Therefore, to ob- 
tain the required turbine inlet gas temperature, compressor inlet total 
temperature was increased 9°F (from -4 to +5°F) with the power lever 
in the full-open position. The endurance test was then conducted at the 
desired compressor inlet total pressure (P2) and cell pressure (P5) 
while compressor inlet temperature (T2) was held at the level required 
to give the required T4. The engine was operated at 106. 1-percent cor- 
rected engine rotor speed throughout the endurance cycle. 


(C) Calculated turbine inlet total temperature (T4) during the en- 
durance cycle is shown in Fig. 6. The temperature was within the 
specified operating range for 4 hr of continuous operation. The arith- 
metic average of the T4 levels for all data points, which were taken at 
approximately 10-min intervals, is 2710°R. 


4.2 OPERATIONAL EXPERIENCE (ENGINE S/N E447052) 


(C) A summary of engine S/N E447052 operating time during the 
test reported herein is contained in Table II. Total engine operating 
time was 19 hr and 18 min, including 4 hr of operation at the rated 
turbine inlet temperature of 2710 + 20°R at N + 5000-ft altitude, Mach 
number 0.85. The maximum observed vibration levels on the compres - 
sor front and rear frames were 0.9 and 2.1 mils, respectively (Table II), 
which were well below the respective 4- and 6-mil limits. 
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(C) A total of nine altitude windmill start attempts wus made with 
engine S/N 447052 between 30, OOO- and 39, OO0-ft altitude. A summary 
of the starting conditions is presented in ‘Pable WI, All start attempts 
were successful. lt should be noted that a systematic altitude start 
investigation was not conducted, 


(C) A summary of engine flameout experience with engine 
SYN M447052 at AM DC is presented in Vable IV. Four flameouts or 
stalls were encountered, The first fllameout occurred at relatively low 
engine speed (93S PCN/RE) during a transition from N - 45, 000 ft to 
N altitude. Che second (Lameout occurred at N altitude during compres- 
sor inlet pressure fluctuations caused by unstable facility conditions. 
The vate of change in inlet pressure was approximately 0.6 to 0.9 psia 
in less than tomin. There was no warning or unusual engine operation 
preceding the flLameout. 


(C) Pwo conditions which appeared to be compressor stalls were 
encountered at N 4 5000-ft altitude wherein fuel and compressor dis- 
charge pressure oscillations, accompanied by an increasing [T55, were 
observed. The throttle was chopped on both occurrences. However, 
the engine was operated at other times during the program at the same 
flight conditions and engine speeds with no problems. The labyrinth 
seal pressure balance system was known to be unbalanced at the 
106 PCN/RT (N + 5000-ft altitude) condition (Table IV), and it is pos- 
sible that this unbalance generated an inlet distortion level that con- 
tributed to the stall. It is further possible that the same condition 
existed at the 103 PCN/RT (N + 5000-ft) stall point. No flameouts were 
encountered with engine S/N E447007 (Ref. 7). A systematic flameout 
or stall investigation was not attempted with either engine S/N E447007 
or engine S/N E447052., 


(C) The engine was shut down after a normal cooldown period after 
completion of the endurance test. Posttest inspection of the turbine re- 
vealed slight discoloration of the blades and evidence of slight blade tip 
rub on the second-stage rotor. No intermediate visual inspection was 
made on the turbine between installation and posttest inspection; there- 
fore, it is not known if the blade tiv rub occurred during earlier testing 
(prior to the endurance test period) or during the endurance cycle. The 
turbine assembly was returned to the manufacturer for additional post- 
test inspections. 


(C) The measured maximum heat rejection on engine S/N E447052 
required to keep oil pump inlet temperature below 300°F was 


108 Btu/min; this maximum heat rejection was extracted through the 
auxiliary oil-water cooler and was obtained during the 4-hr endurance 
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evele at N 4 5000-ft altitude and a flight Mach number of 0,85. The 
engine was operated with 80° fuel at the fuel pump inlet. “Phe engine 
specification heat rejection criteria are based on a fuel inlet terpera- 
ture of LOOT. Tf fuel inket temperature had been increased from 80 
to L008, increased heat rejection into the auxiliary cooler would be 
less than LOO Btu/min in order to maintain the oil temperature below 
300°R. ‘Phe specification states that the maximum heat rejection re - 
quired at the most severe conditions (N 4 5000-ft altitude) will be 

G45 Btu/min; therefore, the engine heat rejection requirement at this 
condition is approximately 445 Btu/min below the specification limit. 


(U) On engine S/N 447007 (with a number 3 oil sump insulation 
blanket installed), the maximum observed oil pump inlet temperature 
was 293° with no water flow into the oil-water cooler. The increase 
in heat rejection rate to the cooling water, as a result of removing the 
number 3 bearing sump insulating blanket from engine S/N £447052, 
was, therefore, 108 Btu/min. 


4.3 COMPARISON OF J97-GE-3 ENGINES S/N E447007 AND E447052 


(U) Engine S/N E447007 was tested with a secondary nozzle system 
installed, and engine S/N E447052 was tested with a primary nozzle 
only; therefore, a direct comparison of measured thrust and SFC can not 
be made. The airflow, fuel flow, engine pumping characteristics, 
isentropic thrust, and SFC of the two engines are compared in Figs. 7 
through 10 with the tailpipe thermal insulating blanket installed and with 
no shaft power extraction. 


(C) Engine S/N E447052 had 0.7 percent higher airflow (W2) and 
0.9 percent lower fuel flow (WF) at 106.6 PCN/RT at N altitude, Mach 
number 0, 80(Figs. 7 and 8). The pumping characteristics of the two 
engines are presented for test conditions of Mach number 0. 80 at N alti- 
tude in Fig. 9. The gas generator pressure ratio (P52/P2) for engine 
S/N E447052 was approximately 1.3 percent higher than for engine 
S/N E447007 at a constant temperature ratio (T51/T2). 


(C) To increase confidence in the comparison of the pumping char- 
acteristics and other parameters utilizing T51 (a calculated parameter 
based on an assumed burner efficiency), the following verification of 
the consistency of T51 is presented. At a constant corrected rotor 
speed of 106.6 percent at N altitude, Mach number 0.80, P52 and W2 
were 0.25 and 0.7 percent greater, respectively, for engine S/N E447052 
than for engine S/N E£447007. Since the exhaust nozzle throat area (A8) 
was the same and the exhaust nozzle was choked for both engines, the ; 
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parameter (Wes Vr51/252) must be equal for both engines if the tail- 
pipe pressure and temperature losses and nozzle flow coefficients are 
assumed equai. Therefore, the 0. 25- and 0. 7-percent increase in P52 
and W2, respectively, on engine S/N 12447052 should be accompanied 
by a 0. 9-percent decrease in T51( 0.45 decrease iny¥ T51). This is 
verified in Fig. 9; [51 for engine S/N 447052 was 1.1 percent less 
than T51 for engine S/N 16447007 at the same conditions. 


(C) The isentropic net thrust and SIC for both engines are com- 
pared in Fig. 10 at N altitude, Mach number 0.80. The isentropic 
values were used because of the differences in the exhaust nozzle con- 
figurations. Note that the units of SIC were changed from the standard 
lbm/hr-lbg to lby,/sec-lbg so that the values of isentropic SFC would not 
be inadvertently confused with the actual SIC of the engine. [Engine 
S/N E447052 had a lower SFC (1.5 percent) than engine S/N E447007 at 
106.6 PCN/RT, as would be expected from the higher cycle efficiency 
(Fig. 9) and the lower fuel flow (Fig. 8). The isentropic net thrust of 
both engines was equal at these conditions at 106.6 PCN/RT. 


4.4 SFC THRUST RELATIONSHIP AT N + 5000-FT ALTITUDE 


(C) Data were obtained at N + 5000-ft altitude at Mach number 0.85 
during the previous tests of engines S/N E447051 and E447007 (Refs. 5 
and 7). However, during both of these previous tests, only a very 
narrow range of engine rotor speeds was obtained at N + 5000 ft. 

During the test of engine S/N E447052, special efforts were made to 
operate over a larger range of rotor speeds in order to obtain some in- 
formation on the range of engine operating limits at these conditions and 
to define more completely the shape of the thrust versus SFC curve at 
N + 5000-ft altitude. 


(C) Engine S/N E447052 was operated at corrected rotor speeds 
(PCN/RT) from a maximum of 106.7 percent down to a minimum of 
101.8 percent. The adjusted net thrust and SFC are presented for these 
data at N + 5000 ft, Mach number 0.85, in Fig. 11. These thrust and 
SFC data are presented here only to define the approximate shape and 
slope of the curve at these test conditions. The absolute levels of thrust 
and SFC are not comparable with engine S/N E447007 or with the engine 
model specifications because the engine was not equipped with a second- 
ary nozzle or a hydraulic pump for shaft power extraction. 
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4.5 TAILPIPE INSULATION BLANKET 


(C) During the tests of YIO7-Gl-3 enpine SYN Mad 7007 Chef, 7), 

| Sipnificant differences were observed between the measured and cabeu- 

lated exist pas temperature and therefore, between the measured 
wnd cabetlated: enpine pross thrust, After investipations of these dis - 

I crepanedes, athe ronal dusulating blanket was installed on the engine 
tailpipe to reduec che tailpipe radiation heat losses, In addition, caleu- 

lations were aade of all of the unaccounted for radiation losses us well 

' us the convection losses from the tailpipe to the secondary airstream, 

f Phese calculations were made for the engine both with and without the 

thermal blanket installed, and the results are presented in Iip., 12. 

f These curves were also inserted in the data reduction program 

(Appendix HL) for engine S/N M447007 to correct the cxhaust pus tem- 

perature (18) for primary gas stream heat-transfer losses. 


(C) A comparison can be made between the predicted and actual 
effects of the insulating blanket from the data obtained during the test 
| of engine S/N h447007. from Fig. 12 at RNI2 = 0.063 (N altitude), 
t values of T8/T51 of 0.9906 and 0.9690 were obtained, respectively, for 
the engine with and without the insulating blanket. The difference be- 
tween these values is 0.0216, indicating a 2, 2-percent predicted in- 
crease in T8/T51 (in the range from 101 to 107 PCN/RT) ce — ed by 
reduced radiation losses when the thermal blanket is installed. Be- 
cause the blanket did not extend downstream of station 55, the per- 
centage increase in T8, caused by the reduced radiation losses with the 
blanket installed, should be the same as the percentage increase in T55. 


(C) The engine pumping characteristics with and without the 
thermal blanket are compared in Fig. 13. The measured tailpipe static 
pressure and gas temperature were utilized in Fig. 13a. Both param- 
eters were measured in the tailpipe near the downstreain end of the 
thermal blanket (see Figs. 2 and 4c). At a constant cor:ected rotor 
speed of 106.7 PCN/RT, the measured T55 was 1.9 percent greater 
after the blanket was installed. 


(C) The predicted T8 increase caused by reduced radiation losses 
was 2,2 percent. In addition, Fig. 13b indicates tht the gas generator 
temperature and pressure ratios moved up along.  dperating line 
about 0.5 percent at a constant corrected rotor speed of 106.7 PCN/RT 
when the blanket was installed. Therefore, adding the 0.5-percent in- 
crease in cycle temperature to the 2.2-percent predicted increase in 
gus temperature caused by reduced radiation losses results in an 
estimated 2.7-percent increase in 155 and T8 compared with a measured 
| 1.9-percent increase. The lower than predicted change in 155 can 
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probably be attributed to the geometry of the T55 thermocouple harness 
(lip, Se), The P55 thermocouples are all circumferentially located at 
a constant radius and, therefore, do not measure the radial profile or 
the temperature near the tailpipe wall where the largest increase in 
temperature would be expected. The effects of the blanket on tailpipe 
total pressure and net thrust can be projected from the estimated T8 
increase (2. 7-percent). 


(C) Based on continuity, a 2. 7-percent increase in T8 must be 
accompanied by a 1. 385-percent increase in the tuilpipe total pressure, 
P8. By applying the above estimated changes to the terms in the equa- 
tions for calculated thrust (see Appendix II), the effect of the blanket 
installation (radiation and cycle changes) is estimated to be a 2.3-percent 
inerease in net thrust. The scale force thrust data indicated that the 
blanket increased net thrust by 3.9 percent. 


(C) The corrected engine fuel flow is presented in Fig. 14 for the 
engine with and without the tailpipe blanket at N aititude, Mach num- 
ber 0.80. At PCN/RT = 107, the corrected fuel flow increased by 
0.3 percent when the tailpipe blanket was installed. 


4.6 SHAFT HORSEPOWER EXTRACTION 


(U) A piston-type hydraulic pump was mounted on a customer drive 
pad of the engine gearbox to provide a means of extracting shaft horse- 


power from the engine during the performance test of engine S/N E447007 


(Ref. 7). The back pressure on the pump discharge port was controlled 
with a throttling valve to obtain the desired horsepower. The horse- 
power extracted was calculated according to the equations in Appendix III 
of Ref. 7. It was not possit'e to reduce the shaft power extraction to 
zero with the pump installer’ i2cause of friction and some inherent back 
pressure in the pump discharge line. During run 9 of the test of engine 
S/N E447007, the throttling valve was positioned in the full-open posi- 
tion for several conditions to determine the effects of shaft power ex- 
traction on engine performance. This reduced the shaft power extrac- 
tion from the normal level of 17 to 4 hp. 


(C) A limited comparison of the effects of shaft power extraction 
on engine thrust and SFC is presented in Fig. 15 for N altitude. Ata 
corrected rotor speed of 107.3 percent, increasing the power extraction 
by 13 np (from 4 to 17 hp) increased the engine net thrust by 1.8 percent 
and SFC by 1.7 percent. These data compare favorably with the esti- 
mated effects of power extraction (2. 1-percent thrust increase and 
1, 7-percent SFC increase) from the Estimated Performance tables of 
the engine specification (Ref. 6). 
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4.7 SWIRL ANGLE INVESTIGATION 


(U) An exhaust gas swirl angle investigation was conducted to 
determine the loss in gross thrust due to flow angularity. Measure- 
ments were taken at two stations, approximately 1 in. downstream of 
the secondary exhaust plane on engine S/N E447007 and in the primary 
exhaust plane on engine S/N E447052 (Fig. 16). 


(U) Swirl angle measurements were normally made from the noz- 
zle centerline vertically to the nozzle outer wall. However, during one 
test period, to check swirl symmetry about the nozzle centerline, in 
the plane of the primary nozzle, the probe travel was extended approxi- 
mately 2 in. Measurements verified that flow symmetry does exist as 
shown in Fig. 17. 


(C) The methods used to calculate the average swirl angle and to 
correlate the swirl angles in the secondary and primary planes are 
shown in Appendix III. A comparison of primary and secondary nozzle 
exhaust flow angularity at N altitude is presented in Fig. 17. Inthe 
plane of the secondary nozzle, the maximum measured swirl angle was 
approximately 2.7 deg, and the average absolute value was 1.72 deg. 
At the primary nozzle exit, the maximum measured value was 6.4 deg, 
and the average absolute value was 3.95 deg. 


(U) The average measured swirl angle in the plane of the primary 
nozzle exit (3.95 deg from engine S/N 447052) is in reasonable agree- 
ment with the swirl angle at the primary nozzle exit calculated from 
measurements at the secondary nozzle exit (3.66 deg from engine 
S/N 447007 and Appendix III). 


(U) A correction for swirl angle must be applied to the primary 
exhaust gas velocity term in the momentum balance thrust equation 
(Appendix III). Based on an average primary nozzle exit swirl angle of 
3.95 deg, the primary exhaust gas velocity correction was -0. 24 per- 
cent, and the resulting correction to primary gross thrust was 
-0.17 percent. 


(U) The variation in swirl angle at the secondary nozzle exit and 
the range of operational levels during which measurements were made 
are shown in Fig. 18. The bandwidth was no greater than 1.1 deg. No 
correlation could be established between the swirl angle pattern and 
changes in altitude, Mach number, engine speed, or horsepower ex- 
traction. 
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4.8 PRIMARY EXHAUST NOZZLE TOTAL PRESSURF 


(U) ‘The primary exhaust nozzle inlet total pressure (P7) was ob- 
tained from an empirically determined curve of P7/P52 versus KN8 
(tig. TI-3), a measured value of tailpipe entrance pressure (P52), and 
the calculated nozzle throat Reynolds number (RN8). To verify the 
validity of this curve, a 12-probe equal area total pressure rake was 
fabricated, which could be inserted into the exhaust nozzle and with- 
drawn during testing (lig. 16). ‘Phis rake was withdrawn for all per- 
formance test points and inserted to measure the pressure 0,5 in. up- 
stream of the nozzle exit plane at each test condition where data were 
desired, 


(C) The arithmetic average of the measured primary nozzle exit 
pressure (P8) is compared with the predicted P7 from the empirical 
curve of P7/P52 in Fig. 19. The valucs of P7 and P8 agree within 
0.5 percent at N and N + 5000 ft and 0.8 percent at N - 10,000 ft. The 
agreement became poorer as altitude was decreased, and the measured 
P8 was approximately 1.5 percent less than the predicted P7 at 
N - 35, 000-ft altitude — the lowesi altitude where data are available. 
A line comparing the integrated average of the measured P8 with the 
predicted P7 is included in Fig. 19. The integrated average P8 is 
approximately 1 and 0.5 percent below the arithmetic average at 
N + 5000 and N - 35, 000 ft, respectively. 


(C) A comparison of nozzle total pressure (P7X) (calculated from 
measurement of PS7 and T55 and an empirically determined tailpipe 
flow coefficient, Fig. III-4) with the predicted P7 is also presented in 
Bigs. EO; 


(C) Typical nozzle exit total pressure profiles at N + 5000 and 
N - 35,000 ft, obtained with the P8 rake installed, are presented in 
Fig. 20. The dip in the center of the profile is caused by the center- 
body in the turbine exit diffuser and is less pronounced at N - 35, 000 ft 
than at N + 5000 ft. 


4.9 PRIMARY NOZZLE THRUST COE FFICIENT 


(C) The primary nozzle gross thrust coefficient for engine 
S/N E447052 (A8H = 141 in.2) is presented in Fig. 21 as a function of 
nozzle pressure ratio. The thrust coefficient is defined as the ratio of 
the measured (scale force) engine gross thrust (FJS) to the ideal gross 
thrust for a convergent-divergent nozzle (FJISEN). The thrust coeffi- 
cient decreased from approximately 0.985 at P7/Po = 3.6 (N - 35,000 ft) 
to 0.95 at P7/Pp = 5.3(N + 5000 ft). 
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(C) The primary nozzle thrust coefficients predicted by the engine 
manufacturer for maximum and minimum levels of test Reynolds num- 
ber (RN8) are also presented for comparison (GE curves J9TPA-233-13, 
6-16-67, and ESHA-CDE-67-86, 11-11-67), The test values of CFG 
are lower than the manufacturer's predicted values at all test condi- 
tions; 0.3 percent lower at P7/P 9 = 3.7(RN8 = 9 x 105), 0.6 percent 
lower at P7/Py = 4.5 (RN8 = 2x 10°), and 1.0 percent lower at 
P7/Po = 5.2 (RN8 = 1.2 x 10°), The Reynolds number effects on CFG 
for the test data are in good agreement with the predicted Reynolds 
number effects. At P7/Po = 4.0, the effect of decreasing RN8 from 
9 x 105 to 2x 10° is a 0. 4-percent decrease in CFG compared with the 
predicted 0.5-percent decrease. At P7/Po = 4.8, the effect of de- 
creasing RN8 from 2 x 109 to 1.2 x 10° is a 0.4-percent decrease in 
CFG compared with the predicted 0. 3-percent decrease. 


(C) If the data in Fig. 21 were recalculated using the integrated 
average values of P8 (Figs. 19 and 20), the thrust coefficient curves 
would be shifted upward approximately 0.4 percent at N + 5000 ft and 
0.5 percent at N - 35,000 ft. This would improve the agreement with 
the predicted curves to within approximately 0.5 percent at all test 
conditions. 


SECTION V 
SUMMARY OF RESULTS 


(C) The results of the altitude endurance test of J97-GE-3 engine 
S/N 447052 and the special investigations on engines S/N E447007 and 
E447052 are summarized as follows: 


(C) 1. The 4-hr engine endurance run at N + 5000-ft altitude, 
Mach number 0.85, and rated turbine inlet temperature 
(2710°R) was successfully completed on J97-GE-3 engine 
S/N E447052. 


(C) 2. J97-GE-3 engine S/N 447052 was tested for 19 hr, 18 min, 
during which the maximum observed vibration levels were 
0.9 and 2.1 mils on the compressor front and rear frames, 
respectively. 


(C) 3. The increase in engine heat rejection to the oil-water 
cooler, as a result of removing the number 3 bearing sump 
insulation blanket, was approximately 100 Btu/min at 
N + 5000 ft, Mach number 0.85, 106.1 PCN/RT. 
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(C) 4, FO7-CGe- 38 enpine SYN b447052 had a 1. 5-percent lower 
specifie fuel Consumption than engine S/N 447007 at 
N altitude, Mach number 0.80, 107 PCN/RY. 


(C) 5. A thermal insulating blanket was added to the tailpipe. 
VYhe predicted T8 increase caused by reduced radiation 
losses was 2.2 percent. The addition of the blanket also 
caused a 0.5-percent shift in operating point for a net V8 
increase of 2.7 percent at N altitude, Mach number 0, 80, 
Oe PENTIL, 


(U) 6, The actual effects on engine thrust of shaft power extrac- 
tion compare favorably with the values from the estimated 
performance tables of the Model Specification (Ref. 6). At 
N altitude, Mach number 0.80, for a 13-hp increase in 
shaft power extraction, actual net thrust and SFC increased 
1.8 and 1.7 percent, respectively, compared with estimated 
increases of 2,1 and 1.7 percent. 


(U) 7. The integrated absolute average swirl angle at the primary 
nozzle exit was 3 to 4 deg counterclockwise (looking up- 
stream). 


‘U) 8. The primary nozzle isentropic thrust coefficient for engine 
E447052 varied from 0.985 at P7/P, = 3.6 to 0.95 at 
P7/Po) = 5.3 and agreed with the manufacturer's predicted 
values within 1 percent at all test conditions. 
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a. Swirl Probe Retracted with P8 Rake Retracted 
(U) Fig. 16 Swirl Probe and Station 8 Total Pressure Rake 
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b. Swirl Probe Retracted with P8 Rake Inserted 
Fig. 16 Concluded 
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(U) Fig. 17 Comparison of Primary and Secondary Nozzle Measured Swirl Angles 
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(U) Fig. 18 Secondary Nozzle Exit Swirl Angle Band over a Range of Altitude, 
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E447007 have identical tail- 
pipes and primary exhaust nozzles. 


0.96 
10° 2 3 4 58 6 8 10° 
Reynolds Number at Station 8, RN8 
CONFIDENTIAL 


(U) Fig. 19 Comparison of Measured-to-Predicted Primary Exhaust Nozzle Total Pressure 
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TABLE Il 
(U) SUMMARY CF OPERATION OF J97 ENGINE S/N E447052 AT AEDC 


Total Time 
Operating Cime at Altitudes Less than N ft Q hoe, 15 min 
Operating Time at N Altitude }hr, 43 min 


Operating Pime at N 4+ 5000-ft Altitude (Includes 
i + hr at Rated Turbine Inlet Temperature) 8 hr, 20 min 


Total Operating Time at AEDC 19 hr, 18 min 
Vibration levels observed during testing of Engine S/N E447052 were 

well below the maximum specified limits. Maximum observed values 
were as follows: 


Maximum Specified Maximum Observed 


binwit-mil 5 exelent Ss. 
Compressor Front Frame 4 0.9 
Compressor Rear Frame 6 Zeit 
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TABLE ill 
(U) ALTITUDE START SUMMARY 


Attitudes, ft, Mach No. Compressor 
Based on Cell Based on Inlet ‘Potal Windmill, Numbe: of 
Pressure PTe?fPecaa “Cemperaturey; °F rpm Starts 
30, 000 O. 65 -5 tu 478 3060 to 3560 8 
39, 000 0. 70 -5 3326 1 


*The conditions listed are conditions for all start attempts for 
J97 engine S/N E447052. Successful starts were made on each start 


attempt. 
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TABLE IV 
(U) ENGINE FLAMEOUT OR STAL.L DATA FOR J97 ENGINE S/N E447052 


Approximate 
Altitude 
at which 
Flameout 
Occurred, ft PCN/RT Remarks 


N - 5000 93 Flameout occurred during plant transient 
from N - 45, 000 ft to N altitude. 


N 106 Flameout occurred during inlet pressure 
fluctuations due to facility problems. 


N + 5000 103 Aititude set conditions were steady state. 
Fuel and compressor discharge pressures 
started to fluctuate with a resultant increase 
in T55. Blue flame was observed in exhaust 
gases. Throttle was chopped. 


N + 5000 106 High inlet distortion levels were imposed by 
airtlow from the labyrinth seal pressure 
balance system. Throttle chop was preceded 
by fuel and compressor discharge pressure 
fluctuations and an increase in T56. 
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APPENDIX III 
METHODS OF CALCULATIONS 


(U) ‘The general methods and cquations used to compute the param - 
eters presented in this report are given below. Where applicable, the 
arithmetic average of pressure and indicated temperatures was used, 


SPECIFIC HEAT 


(U) The specific heat at constant pressure was calculated from the 
empirical equation, 


(a, tb, Tet ce, T?) iE (a, tb Ts cl?) 


C,) = --—- 


p ber 


where aj, by, and cy are constants based on the specific heats of the 
constituents of air, and ag, bg, and cg are constants based on fuel 
hydrogen-carbon ratio of 0.16 and the specific heats of water vapor, 


oxygen, and carbon dioxide. 
Temperature 
a ee 
2 : 5 3.7265 x 1074 | -6.6353 x 1078 


400 to 1700 } 0.2318 | 0.104 x 1074 
0. 3397| 2.7182 x 1074 | -2.9044 x 1078 


0.2214 | 0.3521 x 1074 
(U) The ratio of specific heats was determined from 


0.7166 x 1078 


1701 to 4500 -0.3776 x 1078 


= 
n 
fo) 


R 
Where cy = Cp — ah 


AIR AND GAS FLOW 
Air 


(U) Airflow at station 1N (venturi throat) was calculated for a 
choked venturi from the equation, 


> (GRIN) “TIN 
Re one CORI GLEN) 
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4 Where ye 92, CEIN, the area thermal expansion coefficient, was caleu- 
, lated from the venturi walk temperature, and ClIN is an empirically 

a determined flow coefficient based on venturi curvature and boundary - 
¥ liver development (Ret. 11). 

id 


lor small venturi, 
CIINA O.OFVIB 6 BOO. TO % Top(R NEA) 


Where 


RNIA small ventured throat Reynolds number 
For large venturi, 


CEINB Q.OTTTS «© DolotT + 10 log(RNER) 


Where 


RNIB = large venturi throat Reynolds number 


b, 2 = WAINA «+ WAINE 


Turbine Cooling Air 


(U) Compressor discharge bleed air (WC) for turbine cooling 
purposes was determined from the equation, 


WC = WC3 + WC+ = 0.0700 W2 + 0.0194 W2 


where, for calculation purposes, WC3 was assumed to reenter the 

primary gas stream at the turbine exit and WC4 at the turbine inlet. 
The above fractions of the total airflow were supplied by the engine 
manufacturer. 


(U) Airflow at station 31 was determined from the equation, 


W31 = W2 - C3 -— WC4 = 0.8800 We 


Gas Flow 


(U) Gas flow at station 39 was determined from 


7 W39 = W31 4 WI/3600 


(U) Gas flow at stations 40 and 50 was obtained from 


Wi0 = W50= W2 - WC3 + WE/3600 


(U) Gas flow at stations 51 aud 8 was calculated from the equation 


3 


W5l - Wa = W2 4 Wh/3600 
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HEAT RATE 


(U) ‘The heat rate of the lube oil to water heal exchanger was culcu- 


lated as follows: 


QSW WCW (CPWOC) CEWSCD = TEWSCD 


where 
WCW = cooling water flow rate 
CPWOC = averuge Cp of cooling water - 1.020 
TWSCD = cooling water discharge temperature 
TWSCL = cooling water inlet temperature 
ENTHALPY 


(U) The enthalpy of air was obtained by integrating the equation 
et 
= ff eyed 
$OO°R 


(U) The enthalpy of turbine inlet, turbine discharge, and exhaust 
gases was calculated as follows: 


ve Arh ; 
Hones | et90 x hy + 59.62 + ff Coy eon 
J 


3600 6 3600 
ish 
W51 


where the burner efficiency (ETABM) is calculated from an empirical 
equation furnished by the engine manufacturer as follows: 


on p3\0.084 / 3 \%25 
ETABM = nase \I5;, 1160. (limited to 0.985) 


where 

Teese base burner efficiency (lig. III-1) 
and where the quantity +59. 62 Btu/lbyy) of fuel is the difference between 
the enthalpy of exhaust gas at 540°R and air at 400°R per pound of fuel 
burned. The term QSW is the equivalent heat removed by the lube oil 
auxiliary cooler and is determined from lube system heat rejection data. 


so = SI (51) = (WC3) 13 
W50 


W2 (H3 — H2) 
W4 


H-L0 H50 4 
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where turbine cnergy extraction is assumed equal to the cnerpy added 
by the compressor. 


W40 HAO = WA HES 


H39 
W39 


TEMPERATURE 


Measured 


(U) Total temperature for station 1D wus obtained by dividing the 
indicated temperature by a correction factor of 0.9977 per NACA 
ENSTGG (Ret 12), 


(U) Total temperature for station 2 was obtained by applying u re- 
covery factor to the indicated temperature through the equation, 


where 


RF = 0.9327 (station 2) 


(C) The station 2 temperature was also corrected for pressure per 
NACA TN 3766 (Ref. 12). The pressure correction for a similar, self- 
aspirating thermocouple (configuration 6, Ref. 12) was obtained from 
Fig. 7 of Ref. 12. The curve had to be extrapolated from 0.17 atm 
(2.5 psia) down to approximately 0.05 atm (0. 75 psia) to obtain correc - 
tions for the full range of test conditions (Fig. III-2). At 0.05 atm, the 
extrapolated value of the correction ratio was 3.4 times the value at 
l atm. No adjustments were made for any differences in probe geom- 
etry between the actual probe and configuration 6 in Ref. 12, 


Calculated 


(U) The calculated total temperatuie at stations 39, 40, 50, and 51 
was obtained from the iteration of the equation, 


ale 
cypdt = H 


400°R 


where H is the calculated enthalpy. 
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(U) Phe total temperature at the compressor discharge (13) was 
not measured but was obtained from the compressor inlet total temperu- 
ture and pressure, the compressor discharge total pressure, and the 
predicted compressor efficiency obtained from the test of engine 
S/N E447051 (Ref. 5) as follows: 

ord ek AP in? 


PR2 oa 1g3 dee fnlle 15175 + Lu Fee Se ee aD 


(equation of air tables) 


PRA Pre (13) 


T3I determined by iterating equation for PR2 substituting T3l in place 
of T2 and PRSI in place of PR2 
131 
N31 cp dT 


eee cy aT 


300 


Te (uta) . He 
ee 


ETAC determined from Fig. III-3, I's determined by iterating 


W3~ fo cpaT 


(U) The total temperature at the primary exhaust nozzle exit (T8) 
was determined from the calculated turbine exit temperature (T51) and 
a theoretical calculation of the thermal losses in the tailpipe between 
stations 51 and 8 as follows: 


PAs eee AS] 
T51 


where T8/T51 was obtained from Fig. III-4. 
(U) To calculate the external heat losses of the engine through the 
external skin (Fig. III-4), the following assumptions were made: 


(U) 1. The model for net radiation heat transfer between the engine 
and cell wall was assumed to be a series of concentric 
cylinders. 


CU 25 {stimates were made of all skin temperatures where skin 
thermocouple measurements were not available. 
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(U) Net radiation heat transfer from the engine was calculated us 


follows: 


\ aru tae | 

. ng ell 
Qead BP ee vrs >, Btu he 
1 \ ( | ) 
cng 

ee aay, dN aoa 

tie eT SRK 

where 
a Boltzmann radiation constant Q.UTEE x 107" Btu heeft? = 8 


(U) For simplification purposes and because the major portion of 
the heat losses oceurs in the tailpipe and primary nozzle, it wus 
assumed that all of the heat losses ovecurred between the turbine exit 
(151) and the primary nozzle exit (18). Based on these assumptions, 
the effeet of the heat losses on the pus temperature at station 8 was 
calculated by 

Oena 


Wo YS) +  ----- 
cy WE x 3600 


A curve of T8/T51 is enclosed for the engine (frig. HI-4). The assump- 
tions made in the calculation of the T8/T51 curve are shown on the 


Curve, 


PRESSURE (CALCULATED) 


Compressor Discharge Total Pressure 


(U) The total pressure (P3) at the compressor discharge (station 3) 
was determined from the measured compressor discharge static pres- 
sure and the relationship of P53 and P3, determined during the test of 
J¥7 engine S/N £447051 (Fig. HI-5). 


Primary Exhaust Nozzle Total Pressure ‘ 


(U) The exhaust nozzle inlet total pressure (P7), used in all calcu- 
lations, was not measured but was determined from P52 and empirical 
information obtained from Ref. 4 (Fig. III-6). 


(U) Another cxhaust nozzle total pressure was calculated, for com- 
parison only, as follows: 


eer 
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where PST is measured static pressure ia the tailpipe and (PS7/P7) is 
determined from iteration of: 


| 
Lye ean Gece 
ae Segoe Saka ie ( ae) y 

Wey 145 RQ = 1) PF L 


ieee is vena el ben ey 
(ee) oo 
= ) 
ee : 
Where y= yob and CP? is an empirically determined function of RN8& 
(lie. IL-7). 
EXHAUST NOZZLE DISCHARGE COEFFICIENT 


(U) A primary exhaust nozzle discharge coefficient was calculated 
using the following equation, 


ee AES 
CER ono 
AS 
Where 
MRycEe poles (24) 
‘ Ye, east 
ARS Sanwa Rs pe are for a choked nozzle 
So 
and 
\ 
» \yrl 
Psp = PP (—— 
) ‘ 
where 
yo - yol 


REYNOLDS NUMBER INDEX 


(U) Reynolds number index was defined as 


R\I2 = C172 + 199.5) 
718.2 (0)? 


THRUST 
S-ale Force Jet Thrust 


(U) Jet thrust along the exit nozzle axial centerline was calculated 
from the expression, 


We 
FS == vis AloD (Pst P,) 
A. : 


BJS — 


cos 7 deg 
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where 
eS Looad cell force, Iby 


AOD Outside area of primary duct at labyrinth seal 
Isentropic Jet Thrust 
(U) The isentropic jet thrust was calculated from the equation, 
IISEEN Ws (KV9) mile 


where KVY, the velocity parameter for a perfectly expanded convergent- 
divergent nozzle, was calculated as follows: 


where 


Momentum Balance Jet Thrust 


(U) The momentum balance jet thrust (FJMB) was calculated by 
the following equation: 


FJMMB = a V8 + PS8 (ABH) - Po (A8H) - AFJMM3B 
Cc 


where 
; are os PsB\ ¥ 
V8 = M8 (CV8) yeoR(T8) (ab 
where 


M8 = 1.0 


where CV8 is a velocity coefficient obtained from Fig. III-8. 


WSS yal 
T8 = calculated primary exhaust nozzle total temperature 
AF JMB = (ACFG © ACKGSW) (FE JISEN) 
(ACHG) = correction to the velocity coefficient CV8 for a 
Reynolds number effect (Fig. TIT-9) 
(ACEGSW) © correction to the momentum balance thrust for 


exhaust gas swirl determined from test measurements 


0.0017 (see Section 4.7) 
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Thrust Coefficient 
(U) ‘Thrust coefficient was calculated by the following equation: 

CEE el Js 

PJISEN 


(U) A vacuum thrust coefficient was calculated as follows: 


eee ee St OL AID) 
CE YS eee ee ge 
ESS P7 (ABH) 


CORRECTED PARAMETERS 
Performance parameters were corrected by the following 


(U) 
equations: 
: wove 
W2* - 
) 
where 
@ = T2/518.7°R 


6 = P2/14.696 psia 


Corrected Rotor Speed 


N* = N/V@ 

Corrected Fuel Flow 
wre = SE_ 
dVO 


Corrected Turbine Discharge Temperature 


T51t-2 Sb 
8 


ADJUSTED THRUST 
(U) A jel thrust (FJSADJ) was computed, which was adjusted to the 


desired test conditions: 


FISADJ = RAS (Ateant) 
DELQADI kro 
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where 
DEINE TP teeN la) 
PLEAD PP? atthe desired test condition 
KVOAD exhaust nozzle velocity parameter 
evaluated with as-tested nozzle inlet 
conditions and an engine exhaust pressure 
equal to the ambient pressure at the 


desired test condition altitude 


ADJUSTED RAM DRAG 


(U) An adjusted ram drag (FDADJ) was computed, which was ud- 
justed to the desired test conditions as follows: 


(W2) aan 


where 


VOADJ = 109.6 4/T2ADJ - TOADS 


H 


and where T2ADJ and TOADJ are, respectively, T2 and TO at the de- 
sired test condition. 


ADJUSTED NET THRUST 


(U) Adjusted net thrust (FNSADJ) was calculated as follows: 
FNSADJ = FJSADJ - FDADJ 


ADJUSTED SPECIFIC FUEL CONSUMPTION 


(U) An adjusted specific fuel consumption (SFCADJ) was calculated 
as follows: 


SEFCADJ Re 


where 
WE 


DEL2ADJ Vt2/T2aDJ 


WFADJ = 
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ALTITUDE AND MACH NUMBER 
(U) Altitude and Mach number were calculated using an iterative 

process as described below: 
1. By using measured cell pressure (PQ) for the first approxima- 
tion, the altitude and static temperature (Tg) corresponding to 
this ambient pressure were calculated. 

2, Fora temperature ratio of T2/T 9, the flight Mach number was 
calculated. 

3. For the above-calculated Mach number, the corresponding 
total-to-static pressure ratio (P2/Poy) was calculated. 

4. From the! P2/Poy), Po, and a ram pressure recovery (RAM), 
it was possible to calculate P2’. 


5. When comparing P2’ with the measured value of P2, if they did 
not agree within 0.0002, a new value was assumed for Po and 


entered into step 1 uatil |P2’ - P2| £ 0.0002. 


(U) The equations used in this process are as follows: 


For Pox - 14,696 psia, 


To = 518.67°R 
Altitude = 0 ft 


For 3, 2826 Poy + 14.696 psia, 
—0.19026 
‘Te ies a 
ox op 
E ~ 518.67) 
-0.0035662 | 


For 0.79406 Pox S 3. 2826 psia, 
T, = 389.97°R 


Altitude 


It 


Altitude = {36,089 —- 
4.8064 x 1075 


( : ) 
loge 3.28 26, 


For 0.12589 < Poy < 0.79405 psia, 


Weenie oF 0.79406) 0.029271 
() ’ Pag 
° 


: T, — 389,97 
Altitude = |—"—————-_ + 65,617 
5.4864 x 1074 : 


R 


t 
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For) O86 10s" “Poe “0126 BU jisia, 


0.12580 O,OBYIYGL 
ie 1st (fy ) 
ny ; 
I 


i ALL.S7 
Altitude - c+ 104,987 
hoor. 107° 


Mor Pox 1, 6086 x 1072 psia, 


To ABT.ET ER 


Altitude 15-4,200 ft 


then 
MO 
and 
P ! — 
()(. stm) 
o xX — 
hence 
Poe = (| x Poy x NR 
f where 
k NR = 0.99 
i 
} 
PRIMARY GAS STREAM SWIRL ANGLE 
; Primary Nozzle Only Installed (Engine S/N £447052) 


(U) The measured swirl angle (88) was plotted as a function of 
radius squared (as in Fig. 17), and the absolute average was obtained 


with a planimeter. 


voue: 


Secondary Nozzle Installed (Engine S/N E447087) 


(U) Assumptions used in calcutations: 


1. The angular momentum at station 8 was equal to the angular 
momentum at station 9. 


Sy Se ae 


2. Isentropic expansion of an ideal gas with the ratio of specific i 
heats (y) equal to 1.33 between stations 8 and 9. 
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exhaust swith angle in the mixing region of the primary and 
secondary streams is constant and equal to the swirl angle 
measured at the beyinning of the mixing region, This assump- 
tion is made to climinate the effects of the secondary stream 


on the primary stream. 


ae 


(U) The swirl angle (39) was measured al station 9, plotted against 
radius squared (using assumption 3 in the mixing region), and the abso- 
lute average (BY) was determined with a planimeter. 


(U) From Fig, HI-10 and assumptions 1 through 3: 
V9 was determined for V8 and assumption 2, and 


88 was computed using V8, V9, B9, and assumption | 
| B | 


Swirl Correction to Thrust 


VX8 = V8 (cos f8) (see lig, IIl-10) 


Therefore, the percentage correction to primary exhaust velocity (VX8) 
for swirl is (1 - cos 88) x 100, and the percentage effective correction 
to total engine gross thrust is approximately: 


0.7 (1 - cos B)x 100 


because the MV term constitutes approximately 70 percent of engine 
gross thrust. 
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Empirically Determined by Engine Manufacturer 
from Measured P7, PS7, and T55 on Engine S/N 
424005/2 (Ref. 4) 


0.94 


N + 5000 ft 


0.93 


N - 10,000 ft 
N - 35,000 ft 


1x 10° 2 ard 6 8 1x10 92 3. 4 6 


Reynolds Number at Station 8, RN8& 
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Fig. III-7 Tailpipe Flow Coefficient as a Function of RN8 
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APPENDIX IV 
TABULATED STEADY-STATE DATA 


(U) Each set of test data is identified as shown in the following: 


Heading Definition 
Date 5/24/68 Final computer run date 


May 24, 1968 
Group 1 Downgrading classification 


ARO, Inc. ARO address 
Arnold Air Force Station, 
Tennessee 37389 


CONFIDENTIAL Security classification 
hed Test:Gell kh DOb20210 Test number identified as: 
T-4 Test Cell. 
RDO820 Proje. number 
10 Test number 
Offline Computed offline 
Run date 05-24-68 Date test data obtained 
Time, 1138 hr, 14 sec Time of day data were computed 
Configuration 3, 2 Data reduction computer 


program configuration number 
Data point 7.0 Data point number 7,0 
(U) Values are listed showing the sign, four significant digits, and 
the sign and associated power of 10; e. g., 


0.9548 - 01 = 0.9548 x 107! = 0,09548 


and 


-0.9548 + 02 = 0.9548 x 102 15. 48 
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INDEX TO 


APPENDIX IV 
CALCULATED DATA 


Test Number - Percent 
Data Point Altitude, Mach Corrected 

Number r Number Rotor Speed 
10-7 N - 34, 160 0. 6498 106.7 
10-8 N - 34, 930 0.5982 106.0 
10-9 N - 34, 890 0.5947 105.5 
10-10 N - 35, 180 0.6015 106. 2 
11-4 N - 10, 040 GSTS 12 103.0 
BEES N - 9220 0. 8308 102.4 
LiAs6 N - 9730 0. 8070 102.7 
11-7 N - 10, 190 0. 8199 104.5 
1,48 N - 9570 0. 8259 104.6 
17-9 N - 10, 090 0. 8006 104.9 
11-10 N - 10, 190 0. 7954 106.6 
11-11 N - 10,110 0. 7987 106.6 
11422 N - 10, 300 0. 7898 106.6 
Wi-13 N - 10, 240 0. 7935 106.6 
ries N - 10, 070 0. 8024 106.5 
lies N - 602 0. 7943 106.5 
11-20 N - 350 0. 7944 106.95 
11-21 N - 600 0. 7843 LOG: 7 
141‘ 22 N - 100 0. 8086 105.0 
11-23 N - 370 0. 7958 105.1 
11-24 N - 490 0. 7896 105, 4 
11-25 N - 390 0. 7963 103. 3 
11-26 N - 500 0. 7929 103.4 
11-27 N - 480 0. 7976 103. 3 
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Pest Number Percent 
Pate Point Altitude, Mach Corrected 
Number ite Number Rotor Speed 
eleuerte! N + 3990 0. 8689 105, 0 
kes) N + 5690 0. 85-10 105, 1 
11-31 N 4 5760 0. 8565 105. 0 
11-32 N + 5880 0, 8632 106, 6 
11-33 N 4 6080 0. 8613 106.6 
11-34 N 4 6170 0. 8622 106, 7 
11-35 N + 5940 0.9351 WO ieee 
11-36 N 4 6770 0.9704 106.0 
11-37 N 4+ 4510 0.8743 103.9 
11-38 N + 4040 0. 8529 103, 2 
11-39 N + 5080 0.8535 102, 2 
11-40 N + 4940 0. 8474 101.8 
13-7 N + 5790 0.9014 106. 1 
13-12 N + 6220 0.9040 106. 2 
13-22 N + 6530 0.9088 106.1 
13-32 N + 6750 0.9245 106.1 
83 
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‘Tabulated 
Data 
Symbol 


CVE DD 
(MO)D 


Ivo 
PLA 


T39CABC 
T4aCA LC 

T5, OCALC 
oe SCALE 


T5.5AVG 
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Report 


Symbol 


DTO 


T39X 


T4xX 


T5X 


T51X 


T59 


Parameter 


Altitude (calculated), ft 


Free-stream Mach number 
(calculated) 


Off-staundard temperature, £°F 
Power lever angle, dep 

Rotor speed, rpm 

Percent rotor speed 

Scale force axial, lbr 

Engine fuel flow, lby/hr 
Stator angle, deg 


Lower heating value of fuel, 
Btu/lbm 


Lube cooling water flow, lbm/hr 
Inlet plenum total temperature, °R 


Compressor inlet total tempera- 
ture, °R 


Compressor discharge total tem- 
perature, °R 


Combustor discharge total tem- 
perature (calculated), °R 


Turbine inlet total temperature 
(calculated), °R 


Turbine discharge temperature 
based on assumed nb, °R 


Turbine discharge temperature 
(calculated), °R, at station 5.1 


Turbine discharge temperature 
based on harness, °R 
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‘Pabublated 
Data 


Symbol _ 


POO 


PSINA 


PSINB 


PSI 


P2 


PS2 


P2bDIST 


PS3CALC 


P4CALC 


PO 


PSINA / POO 


PSINB/ POO 


P2/PO© 


UNCLASSIFIED 


Report 


Symbol 


POO 


PSINA 


PSINB 


PsI 


P3X 
PS3 
PS3X 
P4x 


P52 
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Parameter 
Averape venturi inbet pressure, 
psla 


Small venturi throat static pres - 
sure, psia 
Large venturi throut static pres - 
sure, psia 


Static pressure in plane of 
labyrinth seal, psia 


Compressor inlet total pressure, 
psia 

Compressor inlet static pressure, 
psia 


Percent difference between maxi- 
mum and minimum P2 


Calculated compressor discharge 
total pressure, psia 


Compressor discharge static 
pressure, psia 


Calculated compressor discharge 
static pressure, psia 


Turbine inlet total pressure 
(calculated), psia 


Turbine discharge total pressure. 
psia 
Nozzle inlet total pressure, psia 


Exhaust nozzle lip static pres- 
sure, psia 


Test cell pressure, psia 
Small venturi throat pressure 
ratio 

Large venturi throat pressure 
ratio 


Compressor inlet/test cell pres- 
sure ratio 


of 
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‘Tabulated 
Data 
Symbol _ 


Poe 2 
P53/P3 


Popes <2 
P4/P3Gte 
Poe iee 
Bo 27k 


PiprO 
DS/2 


Eo, ICALC (12 


WAINA 
WAINB 
WAIN 


WA2GE 


WC3 


WC4 


WA3. 1 
PS8/P7 


WAS. 1 


WG3.9 


WG4 


UNCLASSIFIED 


Report 
symbol 
P yeh ee 


P32 


P7/P, 
Uyey ae) 
Tote pre 
WAINA 
WAINB 
WAIN 


WC3 
WC4 


W31 


W39 


W4 


Compressor pressure ratio 


Compressor discharge static /total 
pressure ratio 


Compressor discharge/turbine 
discharge pressure ratio 


Calculated turbine inlet to com- 
pressor discharge pressure ratio 


Turbine discharge to compressor 
inlet pressure ratio 


Turbine discharge to test cell 
pressure ratio 


Nozzle pressure ratio 
Compressor temperature ratio 
Engine temperature ratio 
Small venturi airflow, lby,/sec 
Large venturi airflow, lby,/sec 


Total venturi measured airflow, 
lbm/sec 


Station 2 measured airflow, 
lby,/sec 


Cooling air removed from Wa 3 
dumped into Wg 5.0, lbm/sec 


Cooling air removed from Wa3 
dumped into Wg 4.0, lbm/sec : 


Te 


Combustor inlet airflow, lbm/sec 


Nozzle throat static/nozzle inlet 
total pressure ratio 


Turbine discharge airflow, 
lbm/sec 


Combustor discharge gas flow, 
lbm/sec 


Turbine inlet gas flow, lbm/sec a 


UNCLASSIFIED 


Pabutiated 


Pdstter Report 

Symbol Symbol 
Word. 1] WOtl 
Wars Ws 
WiA-t 
hls. 9 39 
[ete -t Ie-t 
RO. 1 51 
Se eat 
QsW QsW 
Ik ECOMP ETAC 
EEEBURN 
EFEFTURB ETAT 
EFEFROTOR 


WAIN /WA2GE 


DH4-5/T4 


VR3 


CYR 


WRT/P4CALC 


VWoRT PPS s2 

Bh ed oye 

M1 M1 
M3 M3 
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Parameter 
Purbine discharge pus flow, 
lh /see 
Primary nozzle pas flow, Lbyy/sec 
Turbine inlet airflow, Hbyy/sec 
fuel air ratio combustor exit 
fuel air ratio turbine inlet 
fuel air ratio turbine exit 
Not used 


Heat absorbed by water in oil 
cooler, Btu/hr 


Compressor efficiency 


Burner efficiency based on calcu- 
lated T5. 1 


Turbine efficiency 
Rotor efficiency 


Venturi measured/station 2 meas- 
ured airflow ratio 


Enthalpy drop a ‘ross turbine/ 
T4CALC, Btu/sec-°R 


Combustor reference velocity, 
ft/sec 


Combustor inlet parameter, 
lbp/sec-in.4 


Flow parameter, WV T/P, 
turbine inlet 


Flow parameter, Wy T/P, 
turbine discharge 


Tailpipe pressure loss parameter, 
(Palo eon 


Inlet duct Mach number 


Mach number at compressor exit 
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Tabulated 
Data 


symbol 


M5, 2 


M3 br 


RNI4GL 


DELTA2 


THE TAZ 


vO 
VOK 
FJS 
FR 
FNS 
SFC 


FJCN 


CFJCN 
A8EFF 


A8HOT 


UNCLASSIFIED 


Report 


Symbol 


M52 


RNI2 


RN-4 
RN8 


FJS 


FNS 
SFC 


FICN 


CFJCN 
AE8 


A8H 


Parameter 


Mach number ut turbine diffuser 
exit 


effective Mach number at com- 
pressor discharge 


Reynolds number index at com- 
pressor inlet 


Reynolds number at turbine inlet 


Reynolds number at exhaust noz- 
zle throat 


Reynolds number index at turbine 
inlet (GE-supplied equation) 


Ratio of compressor inlet total 
pressure to sea-level standard 
atmospheric pressure 


Ratio of compressor inlet total 
temperature to sea-level standard 
atmospheric temperature 


Free-stream velocity, ft/sec 
Free-stream velocity, knots 
Scale force jet thrust, lb¢ 
Ram drag, lb¢ 

Measured axial net thrust, lbe 


Specific fuei consumption, 
lbyy /lb¢-hr 


Conical nozzle isentropic jet 
thrust, lbf 


Conical nozzle thrust coefficient 


Effective primary nozzle area, 
ay) 
ins 


Hot primary nozzle area, in.2 
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Tabulated 
Data 
Symbol | 


TOD 
POD 
P7N 
PJSD 
FNS D 
SFCD 
NC2 


WAINC 
PEL 


WFEC 
FJSC 

FNSC 
Ss FCC 


PENC 
tao Oe 


Po..2C 
P7C 
T3C 


PAC 


UNCLASSIFIED 


Report 


Symbol 


PAN 


N/RT 
Wx 


WF* 


PCN/RT 


Tol* 
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Parameter 
Calculated test cell ambient tem- 
perature, °R 


Calculated test cell ambient pres - 
sure, psia 


Calculated station 7 total pressure 
based on PS7, psia 


Measured jet thrust corrected for 
error in cell pressure, Ilb¢ 


Measured net thrust corrected for 
error in cell pressure, lbr 


Specific fuel consumption cor- 
rected for error in cell pressure, 
lbyy /1bf¢-hr 


Corrected rotor speed, rpm 
Corrected engine airflow, lbym/sec 


Corrected fuel air ratio at turbine 
discharge 


Corrected engine fuel flow, lbym/hr 
Corrected axial jet thrust, lb¢ 
Corrected axial net thrust, lb¢ 


Corrected specific fuel consump- 
tion, lby/lbf-hr 


Percent corrected rotor speed 


Corrected compressor discharge 
pressure, psia 


Corrected turbine discharge 
pressure, psia 


Corrected nozzle inlet pressure, 
psia 

Corrected compressor discharge 
temperature, °R 


Corrected turbine discharge tem- 
perature, °R 
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Tabulated 


Data Report 

Symbol Symbol 
N/RT4 
WSRT/WPRT 
kk EBURNGE !TABM 
T4CGhe 
Fs, 1CGE 
FNSCGE 
WFECGE 
SRC CGE 
M8V8 M8V8 
PS8A8 PS8(A8H) 
FJIMMB/FJS 
T8/T525 T8/T55 
DPLS 
PEA8H P,(A8H) 
POSTS 
FJMMB FJIMMB 


90 


Parameter 


Corrected turbine rotor speed, 
rpm 


Not used 


Burner efficiency based on fuel 
flow and GE-provided curve 


Turbine inlet temperature calcu- 
lated from GE burner e‘ficiency 
(corrected), °R 


Turbine discharge temperature 
based on GE burner efficiency 
(corrected), °R 


Corrected measured net thrust 
(GE method), lb¢ 


Corrected engine fuel flow (GE 
method), lby,/hr 


Corrected specific. fuel consump- 
tion (GE method) 


Momentum of exhaust nozzle, lbr 


Pressure area term of exhaust 
nozzle, Lb¢ 


Calculated/measured jet thrust 
ratio 


Calculated/measured nozzle inlet 
temperature, °R 


Pressure difference between first 
and second groove of engine inlet 
labyrinth seal, psid 


Pressure area term of exhaust 
nozzle, lb¢ 


Difference between average and 
rear cell pressure measurement, 
psid 


Jet thrust by momentum balance 
method, lbf 


UNCLASSIFIED 


‘Pabulated 
Data 
Symbol | 


tN ALAS 


SECMMB 


FIMMBD 


It NMMBD 


SFCMMBD 


FJMMBC 


FNMMBC 


SFCMMBC 


FNMMBCGE 


SFCMMBCGE 


WHE 
WA2GEC 


PSLS 


cr find iD Maldini Lat ad aia) hd toe 


UNCLASSIFIED 


Report 


Symbol 


NM 


AEDC-TR-68-244 


Parameter 


Net thrust by momentum balance 
method, tbr 


Specific fuel consumption by 
momentum balance method, 
Lom) /lbp-hr 


Jet thrust by momentum balance 
method, corrected for error in 
cell pressure, lLbe 


Net thrust by momentum balance 
method, corrected for error in 
cell pressure, lb¢ 


Specific fuel consumption based 
on momentum balance method, 
corrected for error in cell pres- 
sure, lbm/lbf-hr 


Corrected jet thrust based on 
momentum balance method, lb¢ 


Corrected net thrust based on 
momentum balance method, lb¢ 


Corrected specific fuel consump- 
tion based on momentum balance 
method, lbm/lbr-hr 


Net thrust based on momentum 
balance, corrected by GE method, 
lb¢ 


Specific fuel consumption based 
on momentum balance method, 
corrected by GE method, 
lby/lbf-hr 


Not used 


Station 2.0 calculated airflow 
(corrected), lbm/sec 
Labyrinth seal cavity pressure, 
psia 


UNCLASSIFIED 


AEDC-TR-68-244 


Tabulated 
Data 
Symbol _ 


PS2W 


PS7 
CD 
P2P 


D-DPOO(4) 
LD- DPOO(+4) 
D-DPOO-I(+) 
D-DPOO-I(-) 
D-DPO(+) 
D-DPO(-) 


DPOO AV 


DPOO IAV 


DPO AV 


T8 


CFJSV 
P8 


UNCLASSIFIED 


Report 
Symbol 


T8 


CFJSV 
PS 


Parameter 
Station 2.0 wall static pressure, 
psia 
Station 7 static pressure, psia 
Station 8 discharge coefficient 
Test cell inlet plenum chamber 
static pressure, psia 
Maximum deviation of DPOO 


above DPOO average, psid 


Maximum deviation of DPOO 
below DPOO average, psid 


Maximum deviation of DPOO-I 
above DPOO-I average, psid 


Maximum deviation of DPOO-I 
below DPOO-I average, psid 


Maximum deviation of DPO above 
DPO average, psid 


Maximum deviation of DPO below 
DPO average, psid 


Average change in venturi inlet 
pressure over the time required 
to record each data point, psid 


Average change in venturi inlet 
pressure over the time required 
to record each data point, psid 


Average change in test cell pres- 
sure over the time required to 
record each data point, psid 


Exhaust nozzle inlet temperature, 
adjusted for engine thermal 
losses, °R 


Stream thrust parameter 


Measured station 8 pressure, 
psia 
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